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Abstract
Background: Proximal humerus fractures comprise approximately 2% of all pediatric fractures. In general, upper
extremity fractures have increased in children. However, recent trends of proximal humerus fractures are not
analyzed yet. The aim was to study the incidence and treatment trends of proximal humerus fractures in children.
Methods: All 300 children, aged < 16 years, who suffered from a proximal humerus fracture in the catchment area
of Oulu University Hospital, Finland, between 2005 and 2015, were included. Radiographs were reviewed, and
patients, injuries, treatments, and outcomes were comprehensively studied. Annual incidence was based on the
child population at risk, which changed between 84.500 and 88.100 in the study time.
Results: The annual incidence of childhood proximal humerus fractures was mean 31.4/100,000 and no variation
trend was found. The majority (92%) was treated nonoperatively, however, there was an increase of operative
fixation from 0 to 16% during the study time (Difference 16, 95% CI 0.3 to 34.9%, P = 0.045). Bayonet displacement
increased the risk of surgical fixation up to 16-fold (95% CI 4.8–51.4, P < 0.001) in a multivariate analysis when
adjusted with other potential risk factors. Higher age was also associated with operative treatment (P = 0.002). The
most usual recreational activities were horse riding, downhill skiing, snowboarding, and trampolining.
Conclusion: Contrary to most upper extremity fractures in children, proximal humerus fractures did not increase
during the long study period. However, their operative treatment increased compared to nonoperative treatment,
but the evidence supporting that trend remains unclear.
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Background
Proximal humerus fractures in children comprise ap-
proximately 2% of all pediatric fractures [1]. They are
usually caused by sport injuries, motor vehicle accidents,
or birth trauma, while the usual mechanism of injury is
hyperextension combined with external rotation of the
shoulder. The fractures are either metaphyseal, which
occur mostly in children 5–12 years of age [2, 3], or epi-
physeal separations [4, 5]. Diagnosis is based on plain
radiographs [6–11] and fractures are classified according
to their severity and anatomic location [12]. Fractures
involving the growth plate are classified with the Salter-
Harris (SH) fracture classification [2, 13–16].
Displacement and angular deformity can be summarized
using the Neer classification [3].
The proximal growth plate of the humerus is respon-
sible for 80% of the bone’s longitudinal growth. Further,
the periosteum is metabolically active in the immature
skeleton [3, 12]; therefore, bone healing and spontaneous
remodeling of proximal humerus fractures in children
are usually good [17] and non-operative treatment pre-
ferred. However, the more displaced the fractures and
the older the children are, the poorer the results will be
[2, 17–19]. Persistent deformity, such as shortening, may
decrease the outcome [20]. Surgical fixation has trad-
itionally been recommended in proximal humerus frac-
tures when closed reduction is unsatisfactory due to
interposed long head of biceps tendon, deltoid muscle or
capsule [21, 22], and in cases of nerve or artery injuries.
Percutaneous Kirschner wire pinning is the most usual
fixation in children, often combined with closed
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reduction. Plate and screw fixation are rarely justified;
however, many surgeons recommend the elastic stable
intramedullary nailing (ESIN) technique because it is
stable enough and safe regarding the surrounding soft
tissues [4, 23, 24]. This technique is reported to have no
increased association to skin irritation or infections and
the bone healing is effective and the functional outcome
appears to be good [25].
Pediatric upper extremity fractures in general have in-
creased since the beginning of the 2000s [26], but closer
epidemiological description and the recent treatment
trends of the proximal humerus fractures are mostly un-
known. The purpose of this research was to study the
local incidence and treatment trends of proximal hu-
merus fractures in children.
Methods
Study design and materials
This population-based study consisted of 300 children
younger than 16 years old, who had a proximal humerus
fracture in the Oulu University Hospital district between
2005 and 2015. The hospital was the only pediatric
trauma center in the study area and the respective chil-
dren population at risk was 84.500–88.100 during the
study time, according to the official statistics by Statistics
Finland. All cases who had been diagnosed with S42.2 in
the International Classification of Diseases (ICD version
10) were included. The patients’ original hospital charts
and radiographs were reviewed to confirm the diagnosis
and get particulars regarding the type on fracture, treat-
ment, and results. Type of injury, age, sex, the side of
the injury, date, the day that the injury occurred, and
clinical findings were studied. Patients with pathological
fractures were excluded.
Fracture and treatment type
The proximal humerus fractures were classified by the
AO-classification for epiphyseal 11-E/1 or 11-E/2, meta-
physeal 11-M/3, and metaphysis-diaphysis junction
groups [27]. Growth plate fractures were further classi-
fied based on SH classification [2, 13–16].
Angular deformity, fracture displacement (gap), transla-
tional (ad latus) displacement, comminuted fractures, and
potential shortening were analyzed in anterior-posterior,
lateral, and Y-projections of the radiographs; glenohum-
eral joint congruency and luxation were recognized. The
treatment was first classified as operative versus non-
operative. Operatively treated cases were analyzed closer
to determine the reduction type (closed/open) and osteo-
synthesis type. The type of anesthesia was recognized.
Short-term outcomes and complications, as determined
by the treating surgeon, were reviewed from hospital
registries.
Outcome variables
The annual incidence of proximal humerus fractures
in an unselected child population and its potential
changing trend were the main outcomes of the
study. Secondary outcomes included the operative
treatment rate and its potential change, and its asso-
ciated factors, as well as injury and patients’
characteristics.
Statistical analysis
The annual incidence was determined for 100,000
children at risk. Frequencies and proportions were re-
ported. Year by year differences of proportions were
evaluated by using the standardized normal deviate
(SND) test for independent variables. Pearson’s chi-
square test and Fisher’s exact test were used for cat-
egorical variables. Binary logistic and multivariate re-
gression analysis were used to determine the risk with
95% confidence intervals (CIs) for operative proximal
humeral fracture treatment according to the potential
risk factors (age, gender, displacement, angular de-
formity, shortening, comminute fracture, and growth
plate involvement). The threshold of statistical differ-
ence was set at P < 0.05 (5%). Data were analyzed
using IBM SPSS Statistics, version 24 and StatsDirect
statistical software, version 2.08.
Results
Annual incidence
The mean annual incidence of proximal humerus
fractures in children < 16 years of age was 31.4/100,
000 during the study time. There was no increasing
or decreasing trend in the annual incidence from
2005 (27.2/100,000) to 2015 (28.5/100,000) (Difference
1.3, 95% CI − 17.5 to 15.2 per 100,000, P = 0.777).
The mean incidence was 38.20 in girls and 25.35 in
boys (Table 1).
Patients’ and fracture characteristics
There were 177 girls and 123 boys with a proximal hu-
merus fracture. The proportion of boys was 39.1% (N =
9/23) in 2005 and 52% (N = 13/25) in 2015, respectively
(Diff. 12.9, 95% CI −39.1 to 15.3%, P = 0.281). Their
mean age was 10.2 years at the time of fracture (Fig. 1).
Most of the fractures were metaphyseal (54.8%, N = 165),
while 39.9% involved the growth plate. The following
fractures were found: 11 SH type-1 fractures, 107 SH
type-2, and two SH type-3 fractures. There were 15
(5.0%) proximal humerus fractures located in the meta-
diaphyseal transitional zone.
The rate of operative treatment
There was an increasing trend of operative treatment,
while the rate changed from 0 to 16% during the study
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time (Diff. 16, 95% CI 0.3 to 34.9%, P = 0.045) (Fig. 2).
The trend was especially seen in boys, from 5.0% in
2005–2006 to 30% in 2014–2015 (Diff. 25, 95% CI 1.6 to
48.3%, P = 0.049). However, a wide majority of the pa-
tients were still treated nonoperatively, three of them by
closed reduction under general anesthesia without surgi-
cal fixation, while only 24 (8%) were treated operatively
with surgical fixation.
More than half of the operations (58.3%, N = 14) were
performed > 1 day after the injury, while 29.2% (N = 7)
were operated on the next day and 12.5% (N = 3) were
operated on the day of the injury.
Injury types
The most usual fracture cause was riding a horse (17.3%,
N = 52), followed by downhill skiing and snowboarding
(14.0% of all, N = 42). Trampolining (11.0%, N = 33) and
traffic accidents (3.3%, N = 10) were other common in-
jury causes. Six injuries were ice-hockey related (2.0%).
The mechanism of injury was falling on the same level
in 19.3% of the cases (N = 58) or falling from height >
1.5 m (17.0%, N = 51).
Primary complications
Ten cases, who were primarily treated nonoperatively,
had to be surgically fixed later because of redisplace-
ment. Further, one patient was re-operated after primary
surgical treatment (4.2%, 1/24) due to a symptomatic
scar. One in five (20.2%) of the boys suffered from com-
plications and 14.7% of the girls (OR = 1.47, 95% CI 0.80
to 2.69; P = 0.216).
During the short-term follow-up of 6 months, 37 pa-
tients (12.3%) suffered from stiffness and limited range
of movement, in particular, decreased shoulder rotation.
Five patients suffered from persistent nerve damage,
with the ulnar nerve being the most commonly injured
(N = 8). Short-term symptoms in radial (N = 6), median
(N = 5), axillary (N = 1), and musculocutaneous nerves
(N = 1) were also found. Two patients (N = 2) showed
wide plexus brachialis injuries. One of them recovered
well during a further follow-up of 8 months. The re-
habilitation included active physical therapy. Another
plexus injury resulted in persistent morbidity.
Eight patients had a postoperative superficial fixation
material infection; in seven (N = 7/8) of them Kirschner
wires were left on the skin and in one (N = 1/8) the wires
were left under the skin. There were in total nine pa-
tients whose Kirschner wires were left under the skin;
majority of them (N = 8/9) recovered without any com-
plication, while the rate of infection was 47% (N = 7/15)
among the cases who had the wires on the skin. The
percutaneous Kirschner wires which were left on top of
the skin increased the risk of surgical site infection as
Table 1 The annual incidence of proximal humerus fractures in
children












Table shows the variation of annual incidence of proximal humerus fractures
in children, aged < 16 years, in the geographic catchment area of Oulu
University Hospital, Finland, during 2005–2015
Fig. 1 The number of fractures in boys and girls, according to age in years
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compared with the wires left under the skin (OR = 4.20,
P = 0.040).
Factors affecting operative treatment
There was a gender difference in operative versus non-
operative treatment (13.7% of boys versus 4.5% of girls
were operated, P = 0.002). Higher age was also associated
with the operative treatment. One in five (20%, N = 13/
65) children > 12 years of age were operated on com-
pared to 1.1% (N = 1/87) of children < 9 years (P < 0.001).
In the year 2005 13.0% (N = 3/23) of the patients were >
12 years old, and the respective number was 24.0% (N =
6/25) in 2015 (Diff. -11.0, 95% CI − 33.3 to 12.4%, P =
0.303).
The association for operative treatment increased with
an increasing displacement. Patients with a fracture dis-
placement more than a bone thickness (i.e., a bayonet
displacement) were exclusively treated surgically (93.3%,
N = 14/15); the association for surgical fixation was up
to 16-fold (95% CI 4.8 to 51.4, P < 0.001) in the multi-
variate analysis when adjusted with other potential risk
factors. In turn, the patients with a displacement less
than half of the bone thickness were rarely surgically op-
erated (1.3%, N = 2/151, P = 0.000). Further, angular de-
formity > 40° was associated with the increased
association of operative treatment, but was not signifi-
cant (OR = 3.12, 95% CI 0.70 to P = 0.13) (Table 2).
Altogether 34.8% (N = 8/23) of the fractures were dis-
placed > 50% of the bone thickness in year 2005. The
respective rate was 48% in 2015 (N = 12/25) (Diff. 13.2,
95% CI − 39.1 to 14.8%, P = 0.274).
Discussion
Contrary to the recent increasing trends in general
pediatric upper extremity fractures [26, 28, 29], the
incidence of proximal upper arm fractures has not in-
creased during the last decade. Such different incidence
trends between proximal humerus fractures and other
upper extremity fractures (e.g. forearm and supracondy-
lar humerus) is an interesting finding. The reason for
Fig. 2 The percentage of operatively treated patients. The figure presents the percentage of the patients with proximal humerus fractures, who
were treated by operative means, as compared to all cases in the same year
Table 2 The risk for operative treatment, according to the
potential association factors
OR 95% CI P-value
Age
< 12 years 1
> 12 years 2.21 0.69–7.14 0.18
Gender
Girls 1
Boys 2.93 0.87–9.86 0.082
Angular deformity
< 40 ° 1
> 40 ° 3.12 0.70–14.51 0.13
Dislocation
< Bone thickness 1
> Bone thickness 15.77 4.84–51.42 < 0.001
Shortening
< 2 cm 1
> 2 cm 5.88 0.99–35.01 0.052
Comminuted fracture
No 1
Yes 3.17 0.79–12.83 0.105
Growth-plate involved
No 1
Yes 2.68 0.81–8.89 0.11
OR odds ratio, CI confidence interval
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the different trend of proximal humerus fractures re-
mains unclear but can be explained by the specific injury
mechanisms. Forearm and supracondylar humerus frac-
tures were often caused by trampoline jumping [27],
while proximal humerus fractures resulted from horse
riding and high-energy winter sports, such as snowboard-
ing. Greater trauma-energy may result more frequently in
proximal humerus fractures than distal humerus or fore-
arm fractures, which are usually caused by falling against
the fully extended arm. From an epidemiological point of
view, the number of backyard trampolines in the study
area has increased since the beginning of 2000s [30, 31];
therefore, it is reasonable that trampoline related distal
humerus injuries have increased [32]. However, any in-
crease in horse riding or winter sports within the child
population has not been reported in the area, to our
knowledge. The annual incidence of proximal humerus
fractures had no changing trend during the study period,
and it was on average 31 fractures per 100,000 children
every year. Proximal humerus fractures comprised ap-
proximately 2% of all fractures, compared to the total inci-
dence of pediatric fractures (1630/100,000) in the country
during the 2000s [33]. The total incidence of the proximal
humerus fractures in this study was smaller than previ-
ously reported (68/100,000) by Larsen et al. in 1990 [19].
Regardless of the stable fracture incidence, surgical
treatment of proximal humerus fractures had increased
as an alternative to nonoperative treatment. This trend
agrees the literature concerning childhood fractures in
general: the operative treatment of childhood fractures
has increased more than the fractures in a nationwide
research of the study country [34]. Similar trend has
been reported in Sweden between 1998 and 2007 [35].
However, there is no wide understanding about the re-
cent trend of surgical treatment of proximal humerus
fractures; only one recent study by Cruz et al. [36] re-
ported an increase in the surgical treatment of proximal
humerus fractures, the findings of which are strength-
ened by the present study. Analyzing 7520 proximal hu-
merus fractures in the United States from 2000 to 2012,
Cruz et al. found that surgical treatment increased from
39.3 to 46.4%. Nevertheless, there is sparse evidence sup-
porting this recent change towards surgical fixation of
proximal humerus fractures, and no clinical trials com-
paring the operative and nonoperative treatment in the
modern era of fracture care are available [37].
It is generally accepted that boys suffer from bone
fractures more often than girls [38]. More than 60% of
all fractures affect boys [39]. Against this common trend,
this study found that girls showed greater incidence of
proximal humerus fractures than boys. Similar findings
have been made in 2011 by Schalamon et al. [40]. Binder
et al. [41] found that 50% of the patients with proximal
humerus fractures were boys and girls (116). Such a
gender distribution with girls being predominant, as also
seen in the present study, seems extremely rare in chil-
dren [42]. This is opposite to the gender distribution of
corresponding fractures reported in the United States
[36]. However, horse riding was found as the most com-
mon cause of injury, comprising up to 17% of all acci-
dents in this population; since this activity is commonly
considered more popular among girls, this may be one
explanatory factor for the female predominance of this
study. The mean age of patients suffering from proximal
humerus fractures was 14 and 10 years old for boys and
girls, respectively, which fits well with the general age
distribution of childhood fractures [39].
For some reason, the redisplacement rate and need of
later operation after primary nonoperative treatment
was higher in this study than in the published literature.
In 2017, Gladstein et al. [43] reported that only one pa-
tient out of 225 was re-operated on after failed nonoper-
ative treatment. In the present study, 10 out of 286
primarily nonoperatively treated patients were surgically
treated later due to a redisplacement. The difference in
failed nonoperative treatment may be explained by the
different clinical practice between the institutions; some
surgeons may prefer nonoperative treatment primarily,
and only go on to operative treatment after failed non-
operative treatment.
Primary displacement was found to be associated with
operative fixation, while a bayonet position increased the
risk of surgical fixation by 16-fold. Instead, even great
angular deformity was not associated with increased sur-
gical treatment. These findings are still reasonable, keep-
ing in mind that just translational displacement (bayonet
position) usually decreases the abduction motion of the
shoulder, thus justifying surgical fixation [44]. In turn,
angular deformity usually does not affect the functional
performance of the arm, while the motion arches in
shoulder joint are wide in general.
The weakness of the study was that the injury mech-
anism and associated background factors were not al-
ways well explained in the hospital charts. Injury history
and clinical findings were based on the hospital regis-
tries. As a limitation, the number of patients who were
operatively treated was not high, despite the long study
period and satisfactory population at risk. A great major-
ity of proximal humerus fractures are traditionally
treated by nonoperative means. Further, there was no
long-term follow-up data available, and the facture pa-
tients’ final recovery could not be determined.
The strength of this study was its inclusive population-
based design: all patients in the geographic catchment
area during the study period were included. There were
no other pediatric trauma centers in the area and slight
proximal humerus fractures were followed-up in the
study center too, despite the potential first contact in
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primary health care. Treatment was the same for every
patient despite their economic situation and possible in-
surance status. It is still possible that there were a few
non-inhabitant patients who were treated outside the
study center; however, their number must be infinitesimal.
Conclusion
The incidence of proximal humerus fractures in children
has been stable, but the rate of operative treatment, ra-
ther than nonoperative treatment, has increased during
the last decade. A bayonet position associates with surgi-
cal treatment; however, the reason for increasing surgical
fixation remains unclear.
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